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ELECTRON BEAM DATA STORAGE SYSTEM
AND METHOD FOR HIGH VOLUME
MANUFACTURING

PRIORITY DATA

The present application 1s a divisional of U.S. Ser. No.
13/964,974 filed on Aug. 12, 2013, entitled “ELECTRON

BEAM DATA STORAGE SYSTEM AND METHOD FOR
HIGH VOLUME MANUFACTURING,”, which 1s a divi-
sional of U.S. Ser. No. 13/049,123 filed on Mar. 16, 2011,
now U.S. Pat. No. 8,507,139, 1ssued Aug. 13, 2013, entitled
“ELECTRON BEAM DATA STORAGE SYSTEM AND
METHOD FOR HIGH VOLUME MANUFACTURING,”
the entire disclosure of each of which 1s incorporated herein
by reference 1n 1ts entirety.

BACKGROUND

Microfabrication conventionally uses photolithography or
optical lithography processes for selectively removing parts
ol a substrate, or parts of a material layer on the substrate. For
example, photolithography uses a directed light (radiation)
source to transier a pattern from a photomask (also referred to
as a mask or reticle) to a light-sensitive resist material formed
on the substrate or material layer, thereby generating an expo-
sure pattern in the resist material. Chemical treatments may
then be used to etch or otherwise transier the exposure pattern
in the resist material to the substrate or material layer. More
recently, microfabrication has implemented other lithogra-
phy types, such as charged particle beam lithography, that do
not necessitate the intermediary step of creating the mask to
transier or generate an exposure pattern 1n a resist material.
For example, electron beam (e-beam) lithography uses a
focused beam of electrons to expose the resist material.
Instead of using a mask, e-beam lithography “writes™ a pat-
tern directly into an energy-sensitive resist material using
clectron beams. An e-beam exposure tool generally writes the
pattern from an electronic or computer-type file, which 1s
used to control an exposure source of the e-beam exposure
tool. The exposure source may be selectively directed onto
the substrate, material layer, or resist materal to be patterned.
More particularly, the e-beam exposure tool 1s generally con-
figured such that exposing a circuit pattern 1s not accoms-
plished by i1lluminating the resist material through a mask or
f1lm negative of the circuit, but rather by directly and selec-
tively exposing desired areas of the resist material or material
layer on the substrate with a focused beam of an appropriate
energy and dosage for creating the desired circuit pattern.
Sometimes, e-beam lithography i1mplements multiple
¢-beams to write a circuit pattern. The data associated with
implementing such writing 1s larger than desirable, requiring
longer data transier time, longer data processing time, and
additional processing costs. Accordingly, although existing
¢-beam lithography systems and methods have been gener-
ally adequate for their intended purposes, they have not been
entirely satisfactory in all respects.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s best understood from the follow-
ing detailed description when read with the accompanying
figures. It 1s emphasized that, in accordance with the standard
practice 1n the industry, various features are not drawn to scale
and are used for illustration purposes only. In fact, the dimen-
sions of the various features may be arbitrarily increased or
reduced for clarity of discussion.
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FIG. 1 1s a flow chart of a method that reduces data size of
a design layout according to various aspects of the present

disclosure.

FIGS. 2A and 2B 1illustrate a portion of a design layout that
1s divided 1nto more than one unit according to the method of
FIG. 1.

FIG. 3 1llustrates creating a lookup table for a portion of a
design layout according to the method of FIG. 1.

FIG. 4 1llustrates creating a lookup table for another por-
tion of a design layout according to the method of FIG. 1.

FIG. 5 1s a flow chart of another method that reduces data
s1ze ol a design layout according to various aspects of the
present disclosure.

FIG. 6 1s a simplified block diagram of a lithography appa-
ratus that can implement the methods of FIGS. 1 and 3
according to various aspects of the present disclosure.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the imvention. Specific examples of components and arrange-
ments are described below to simplity the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed 1n direct contact, and may also include embodi-
ments 1n which additional features may be formed between
the first and second features, such that the first and second
features may not be 1n direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters 1n the
various examples. This repetition 1s for the purpose of sim-
plicity and clarity and does not 1n 1tself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

FIG. 1 1s a flow chart of a method 10 that reduces data size
of a design layout to be written on a recording medium
according to various aspects of the present disclosure. In the
depicted embodiment, the method 10 1s a lithography
method, specifically a charged particle beam lithography
method, such as an electron beam lithography method. FI1G. 1
has been simplified for the sake of clanty to better understand
the 1nventive concepts of the present disclosure. Additional
steps can be provided before, during, and after the method 10,
and some of the steps described can be replaced or eliminated
for other embodiments of the method.

At block 20, a design layout 1s divided into a plurality of
units. The design layout (also referred to as a pattern layout)
may be presented 1n one or more data files having information
of a pattern to be fabricated. In the depicted embodiment, the
design layout has a data representation of a first data size. The
design layout can be expressed i a GDSII file format, an
OASIS file format, a DFII file format, or other suitable file
format. In furtherance of the depicted embodiment, the
design layout 1s an 1ntegrated circuit (IC) design layout. The
IC design layout includes at least one feature based on a
specification of an IC device (product) to be manufactured.
The features have various geometrical patterns designed for
the IC device. The various geometrical patterns typically
correspond to patterns of various conductor, insulator, and/or
semiconductor layers that combine to form various IC fea-
tures/components of the IC device, such as an active region, a
gate electrode, a source and drain, a multilayer interconnec-
tion (MLI), a bonding pad opeming, other suitable features/
components, or combinations thereof. The design layout’s
data representation of the first data size includes data sets
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associated with the various patterns. A pattern may be
repeated within the design layout, and the design layout’s
data representation of the first data size will include a data set
for each pattern, even if the pattern 1s repeated in the design
layout. For example, 11 the pattern occurs ten times within the
design layout, the data representation of the first size will

include ten of the data set associated with the repeating pat-
tern. In the depicted embodiment, the method 100 divides the
design layout into more than one unit. For example, the IC
design layout may be divided into units by die, cell, function,
device, pattern, or other suitable feature. Each unit includes a
portion of the design layout, more particularly, a pattern por-
tion of the design layout, which has a data set associated
therewith. The data set may be a pattern writing instruction set
to be used by a charged particle beam apparatus when writing
the design layout. By including repeating units, or repeating,
patterns, once in the data representation, the data representa-
tion’s size 1s reduced. For example, 1f the pattern portion
occurs ten times within the design layout, the data represen-
tation will 1include one of the data set associated with the
repeating pattern portion, mstead of ten. The data represen-
tation thus has a second size, which 1s smaller than the first
S1Z€.

FIGS. 2A and 2B illustrate a portion of a design layout that
1s divided 1into more than one unit according to various aspects
of the present disclosure. In FIG. 2A, a design layout 100 1s
divided into frames 102-1, 102-2, 102-3, 102-4, 102-5,
102-6, . . ., 102-r. Each frame 102-1, 102-2, 102-3, 1024,
102-5, 102-6, . . ., 102-n includes a pattern portion of the
design layout. For example, 1n the depicted embodiment,
frame 102-6 includes unit patterns 104,104, 104, .. . 104,
The frame 102-6 includes four unit patterns. Each frame
102-1, 102-2, 102-3, 102-4, 102-5, 102-6, . . . , 102-» may
include more or less unit patterns than the unit patterns asso-
ciated with frame 102-6, i1llustrated in FIG. 2A. Each unit
pattern has a data set associated therewith. In an example,
cach unit pattern has a pattern writing instruction set associ-
ated therewith, such that a charged particle beam apparatus
can use the pattern writing instruction set to write the associ-
ated unit pattern on a water and/or energy sensitive layer.

Each frame 1s then divided 1nto stripes and segments. FIG.
2B 1llustrates a portion 110 of the design layout 100, specifi-
cally a frame such as frame 102-6, divided mto stripes and
segments. The portion 110 of the design layout 100 includes
four unit patterns 112, 114, 116, and 118. In the depicted
embodiment, unit patterns 112, 114, 116, and 118 have a
same pattern. A data set, such as a pattern writing 1nstruction
set, 1s associated with each unit pattern. The frame 1s divided
into seven stripes and five segments. The number of stripes
may be equivalent to a number of charged particle beams that
can write a pattern in a frame. Here, since the frame 1s divided
into seven stripes, seven charged particle beams can write a
pattern 1n a frame. The number of segments may be deter-
mined by the design layout 100. For example, each stripe of
the design layout 100 may include a plurality of units with at
least one unique unit, and the number of segments may be the
number of units 1n 1ts respective stripe. The pattern writing
istruction set may define a location or position of the unit
pattern within the design layout 100 and/or the frame based
on the stripe-segments. For example, unit pattern 112 1is
located at stripe 2, segment 2 and stripe 3, segment 2 within
the frame; unit pattern 114 1s located at stripe 2, segment 4 and
stripe 3, segment 4 within the frame; unit pattern 116 1s
located at stripe 5, segment 2 and stripe 6, segment 2 within
the frame; and unit pattern 118 1s located at stripe 5, segment
4 and stripe 6, segment 4.
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A conventional process 1s 1llustrated by Scenario #1 1n FIG.
2B, and the process at block 20 1s 1llustrated 1in Scenario #2 1n
FIG. 2B. The conventional process transiers data sets associ-
ated with every unit pattern within the design layout. For
example, even though unit patterns 112,114, 116, and 118 are
exactly the same, other than each unit pattern’s location
within the design layout 110 and frame, data sets associated
with unit patterns 112, 114, 116, and 118 are processed for
exposure purposes and/or transierred from a charged particle
beam data processing module to a charged particle beam
exposure module. Put another way, the design layout’s data
representation remains at the first size for subsequent pro-
cessing, because every data set associated with a unit pattern
1s subsequently processed, despite the fact that the design
layout may include repetitive data sets. This can require sub-
stantial data storage size, data transier time, data transfer
bandwidth, data transier size, and other data processing
requirements. To alleviate such data size, time, transier size/
bandwidth, and/or other processing requirements, 1n Scenario
#2, at block 20, the design layout’s data representation is
reduced by including one data set for any repeating pattern
units, and thus, subjecting one data set for any repeating
pattern units to processing. In FIG. 2B, since unit patterns
112, 114, 116, and 118 are exactly the same, other than
location/position within the design layout 100 and frame, one
data set representative of each unit pattern 112,114, 116, and
118 1s processed and transferred. In the depicted embodi-
ment, the data set associated with unit pattern 112 1s pro-
cessed and transierred.

Atblock 30, alookup table 1s created that maps each unit to
its position within the design layout and a data set, wherein
the lookup table associates any repeating units to a same data
set. More specifically, for each unit, the lookup table indicates
a position of the umt within the design layout and the data set
associated with the unit. As noted above, since the data rep-
resentation of the second size includes repeating pattern por-
tions once, the lookup table will indicate the same data set for
any repeating portions. For example, referring to FIGS. 2A
and 2B, the lookup table will map the data set associated with
unit pattern 112 to the stripe-segments occupied by unit pat-
terns 112, 114, 116, and 118.

FIG. 3 1llustrates creating a lookup table for a portion 220
of a design layout, such as design layout 100, according to
various aspects of the present disclosure. In FIG. 3, the por-
tion 220 of a design layout includes a frame 200. The frame
200 includes unit patterns 201, 202, 203, and 204. The frame
200 may have more or less unit patterns than that 1llustrated.
In the depicted embodiment, each of the unit patterns 201,
202, 203, and 204 has a same pattern. The frame 200 is
divided into stripe-segment units. For example, the frame 200
1s divided 1nto seven stripes and five segments. The frame 200
may be divided 1nto more or less stripes and segments. A data
set, such as a pattern writing instruction, 1s associated with
cach stripe-segment of frame 200. Where the stripe-segment
1s not occupied by a portion of a unit pattern, the pattern
writing instruction may not include pattern writing data.
Where the stripe segment 1s occupied by a portion of a unit
pattern, the pattern writing instruction includes pattern writ-
ing data associated with the occupying unit pattern portion.
The data representation o the portion 220 of the design layout
thus 1includes data sets for each stripe-segment of the frame
200. In the depicted embodiment, since data sets associated
with umt patterns 201, 202, 203, and 204 are the same, the
data sets associated with stripe-segments 2,2, 5.2, 2,4, and 5,4
are the same, and the data sets associated with stripe-seg-
ments 3,2, 6,2, 3,4, and 6,4 are the same. Accordingly, an alias
unit pattern 230 1s defined that represents the repetitive unit
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patterns 201, 202, 203, and 204. The alias unit pattern 230 1s
associated with alias stripe-segments m2,1 and m3,1. Alias
unit pattern 230 has a data set associated therewith that 1s
identical to the data sets associated with unit patterns 201,
202, 203, and 204.

A lookup table 240 1s then created to map the alias unit
pattern 230 to 1ts appropriate positions with the design layout.
For frame (1) 200, the lookup table maps data sets with their
respective stripe-segments within the frame 200. For
example, the lookup table 240 associates each portion of the
pattern 1n frame 200 with its appropriate stripe number and
segment number. In the depicted embodiment, the lookup
table 240 associates a stripe-segment data set 11,1 to stripe
number 1, segment number 1. The lookup table 240 associ-
ates stripe-segment data set m2,1 and m3,1 with the repetitive
unit patterns 1n the frame, particularly at stripe-segments 2,2,
3.2,5,2,6,2,2.4,3.4, 35,4, and 6,4. Accordingly, the lookup
table 240 maps stripe-segment data sets stored in a memory to
appropriate positions within the frame 200. The lookup table
240 thus allows a reduced portion 250 of the design layout
250 that has a smaller data size than the portion 220 of the
design layout.

FI1G. 4 1llustrates creating a lookup table for another por-
tion 320 of a design layout, such as design layout 100, accord-
ing to various aspects of the present disclosure. In FI1G. 4, the
portion 320 of a design layout includes a frame 300. The
frame 300 includes unit patterns 301, 302, 303, and 304. The
frame 300 may have more or less unit patterns than that
illustrated. In the depicted embodiment, unit patterns 301 and
302 have a same pattern, and unit patterns 303 and 304 have
a same pattern that 1s diflerent than unit patterns 301 and 302.
The frame 300 1s divided into stripe-segment units. For
example, the frame 300 1s divided 1into seven stripes and five
segments. The frame 300 may be divided into more or less
stripes and segments. A data set, such as a pattern writing
instruction, 1s associated with each stripe-segment of frame
300. Where the stripe-segment 1s not occupied by a portion of
a unit pattern, the pattern writing imstruction may not include
pattern writing data. Where the stripe segment 1s occupied by
a portion of a unit pattern, the pattern writing instruction
includes pattern writing data associated with the occupying
unit pattern portion. The data representation of the portion
320 of the design layout thus includes data sets for each
stripe-segment of the frame 300. In the depicted embodiment,
since data sets associated with unit patterns 301 and 302 are
the same, the data sets associated with stripe-segments 2,2
and 2,4 are the same, and the data sets associated with stripe-
segments 3,2 and 3,4 are the same. Accordingly, an alias unit
pattern 330 1s defined that represents the repetitive unit pat-
terns 301 and 302. The alias unit pattern 330 1s associated
with alias stripe-segments m2,1 and m3,1. Alias unit pattern
330 has a data set associated therewith that 1s identical to the
data sets associated with unit patterns 301 and 302. Similarly,
since data sets associated with unit patterns 303 and 304 are
the same, the data sets associated with stripe-segments 5,2
and 5.4 are the same, and the data sets associated with stripe-
segments 6,2 and 6,4 are the same. Accordingly, an alias unit
pattern 332 1s defined that represents the repetitive unit pat-
terns 303 and 304. The alias unit pattern 332 1s associated
with alias stripe-segments m3,1 and m6,1. Alias unit pattern
332 has a data set associated therewith that 1s identical to the
data sets associated with unit patterns 303 and 304.

A lookup table 340 1s then created to map the alias unit
patterns 330 and 332 to their appropriate positions with the
design layout. For frame (1) 300, the lookup table maps data
sets with their respective stripe-segments within the frame
300. For example, the lookup table 340 associates each por-
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tion of the pattern in frame 300 with its appropriate stripe
number and segment number. In the depicted embodiment,
the lookup table 340 associates a stripe-segment data set 11,1
to stripe number 1, segment number 1. The lookup table 340
associates stripe-segment data set m2,1 and m3,1 with the
repetitive unit patterns 301 and 302 in the frame, particularly
at stripe-segments 2,2 3,2, 2.4, and 3,4. The lookup table 340
also associates stripe-segment data set m35,1 and m6,1 with
the repetitive unit patterns 303 and 304 1n the frame, particu-
larly at stripe-segments 35,2 6,2, 5,4, and 6,4. Accordingly, the
lookup table 340 maps stripe-segment data sets stored 1n a
memory to appropriate positions within the frame 300. The
lookup table 340 thus allows a reduced portion 350 of the
design layout 350 that has a smaller data size than the portion
320 of the design layout.

At block 40, an energy sensitive layer 1s exposed to a
charged particle beam based on the lookup table. In the
depicted embodiment, the charged particle beam writes the
design layout on the energy sensitive layer using the lookup
table and the data representation of the second, smaller data
s1ze. For example, the lookup table indicates a location (posi-
tion) of each pattern portion within the design layout along
with a location of the data set associated with each pattern
portion. The lookup table thus aids a charged particle beam
apparatus in appropriately exposing the energy sensitive
layer.

The energy sensitive layer may be disposed over a
waler. The waler 1s a semiconductor substrate, a mask blank,
a glass substrate, a flat panel substrate, or other suitable sub-
strate. In the depicted embodiment, the charged particle beam
1s an electron beam. The electron beam may include multiple
clectron beams. Alternatively, the exposure process may uti-
lize other radiation beams, such as ion beam, x-ray, deep
ultraviolet, and other proper radiation energy.

FIG. 35 1s a tlow chart of another method 400 that reduces
data size of a design layout to be written on a recording
medium according to various aspects of the present disclo-
sure. In the depicted embodiment, the method 400 1s a lithog-
raphy method, specifically a charged particle beam lithogra-
phy method, such as an electron beam lithography method.
FIG. 5 has been simplified for the sake of clarity to better
understand the inventive concepts of the present disclosure.
At block 410, a design layout 1s provided, for example, to an
clectron beam apparatus. The design layout may be provided
to (or recerved by) an electron beam data processing module
ol the electron beam apparatus. The design layout1s similar to
the design layout described above, and it has a data represen-
tation ol a first size. At block 420, a proximity correction
process, such as electron proximity correction (EPC), 1s per-
formed on the design layout. The proximity correction pro-
cess may increase the size of the data representation. At block
430, the data representation’s size may be reduced to provide
a smaller data representation of the design layout. For
example, the design layout 1s divided into units and a lookup
table that provides information about the units 1s created. The
design layout’s reduced data representation includes various
portions of the design layout, specifically including any
repeating portions once. At blocks 440 through 490, a series
of processes may be performed with the design layout’s
reduced data representation. For example, at block 440, a
flattening process may be performed on the reduced data
representation; at block 450, a striping process may be per-
formed on the reduced data representation; at block 470, a
dithering process may be performed on the reduced data
representation; and at block 490, the reduced data represen-
tation, along with the lookup table, may be used to expose a
waler, thereby forming the design layout on the wafer. At
blocks 460 and 480, various other processes may be imple-
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mented to the reduced data representation. Additional steps
can be provided before, during, and atter the method 400, and
some of the steps described can be replaced or eliminated for
other embodiments of the method.

FI1G. 6 1s a simplified block diagram of a lithography appa-
ratus 500 according to various aspects of the present disclo-
sure. In the depicted embodiment, the lithography apparatus
500 1s a charged particle beam lithography apparatus, such as
an electron beam lithography apparatus. The lithography
apparatus 300 can implement the method 10 of FIG. 1 and/or
the method 400 of FIG. 5 to write a pattern, such as an
integrated circuit pattern, on a waler. The water 1s a semicon-
ductor substrate, a mask blank, a glass substrate, a flat panel
substrate, or other suitable substrate. The wafer may include
a recording medium, such as an energy sensitive resist (or
matenal) layer, formed thereon. FIG. 6 has been simplified
for the sake of clarity to better understand the inventive con-
cepts of the present disclosure. Additional features can be
added i1n the lithography apparatus 500, and some of the
teatures described below can be replaced or eliminated for
additional embodiments of the lithography apparatus 500.

In the depicted embodiment, the lithography apparatus 500
includes a charged particle beam data processing module 510,
such as an electron beam data processing module, and a
charged particle beam exposure module 520, such as an elec-
tron beam exposure module. The charged particle beam data
processing module 510 and the charged particle beam expo-
sure module 520 are in communication with one another. The
charged particle beam data processing module 510 1s config-
ured to read patterning data ifrom a data storage medium,
which may be within the charged particle beam data process-
ing module 510, or remotely positioned and in communica-
tion with the charged particle beam data processing module
510. The charged particle beam data processing module 510
obtains or receives the patterning data and can load 1t into a
memory associated with the charged particle beam process-
ing module 510. In the depicted embodiment, the patterning
data includes a design layout, such as an IC design layout as
described above. The charged particle beam data processing
module 510 includes a pattern generator that processes the
patterning data and generates a pattern writing instruction set,
for example, a pattern writing set associated with the pattern
layout. The charged particle beam data processing module
510 1s also configured to reduce a size of the patterning data
associated with the pattern layout, for example, by using the
method 10 of FIG. 1 and/or the method 100 of FIG. 2. For
example, the pattern writing instruction set will include one
data set for repeating patterns i1n the pattern layout, instead of
the patterning writing 1nstruction set including a data set for
every single pattern in the pattern layout. A lookup table will
also be associated with the pattern writing instruction set,
which maps each data set to its appropriate location within the
pattern layout. The pattern writing instruction set may be
stored 1n a memory associated with the charged particle beam
data processing module 5310. Additionally, the electron beam
data processing module 510 may perform proximity correc-
tion and transformation, flatteming, dithering, other suitable
processes, or combinations thereof to the pattern writing
instruction for the electron beam exposure module 520. Alter-
natively, such processes may optionally be performed sepa-
rately by a standalone module. The charged particle beam
data processing module 510 sends (or transfers) the pattern
writing mstruction set and/or the lookup table to the charged
particle beam exposure module 520. The reduced size of the
pattern writing set (achieved by using the method 10 of FIG.
1 and/or the method 400 of FIG. §) can reduce data storage
size, data transfer band width, and/or data transfer time. This
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can be particularly advantageous in high volume manufactur-
ing situations. In an example, the charged particle beam data
processing module 510 sends the pattern writing instructions,
and the charged particle beam exposure module 520 commu-
nicates with the charged particle beam data processing mod-
ule 520 to write the design layout using the pattern writing
instructions using the lookup table associated with the pattern
writing instructions.

The charged particle beam exposure module 520 includes
a source that 1s configured to generate at least one charged
particle beam. In the depicted embodiment, since the lithog-
raphy apparatus 500 1s an electron beam lithography appara-
tus, the charged particle beam 1s an electron beam. Alterna-
tively, the charged particle beam may be a photon beam or 10n
beam. The charged particle beam may pass through one or
more lenses (not shown). In an example, the charged particle
beam may pass through the one or more lenses and may be
focused to a beam aperture portion configured with a plurality
of apertures or openings that split the charged particle beam
into a plurality of beams. The number of beams may vary
depending on design requirements of the lithography appa-
ratus. The charged particle beam may be a Gaussian beam or
a plurality of Gaussian beam. The charged particle beam may
travel to a beam controller that 1s configured to allow one or
more of the beams to pass through to an 1maging head, or to
block/blank one or more of the beams from passing through to
the imaging head. The imaging head may include an electron
optical system for focusing the beams that are allowed to pass
through. The beam controller may include a plurality of
deflectors (also referred to as blankers) that are controlled by
clectrical control signals that are associated with the writing
instructions sent from the charged particle beam data process-
ing module 510.

The charged particle beam exposure module 520 may fur-
ther include a controller that receives the writing instructions
from the charged particle beam data processing module 510.
The writing 1nstructions may be sent using light radiation as
carriers of the information. The lithography apparatus 500
turther includes a stage (not shown) that 1s configured to move
in various directions. The stage may hold and secure a wafer
by a vacuum system or other suitable securing mechanism.
During processing, the wafer 1s moved or scanned relative to
the 1maging head and in cooperation with the controller. The
charged particle beam 1s focused, by the lithography appara-
tus 500, onto the recording medium such that the pattern
layout 1s written directly into the recording medium, without
a photomask or reticle. In the depicted embodiment, as
described above, the charged particle beam exposure module
uses a reduced data representation of a design layout and a
lookup table to write the pattern layout on the recording
medium. After the entire water has been scanned, the record-
ing medium may be developed to form the pattern over the
waler, and other processing, such as etching and doping, may
be performed using the patterned recording medium. The
lithography apparatus 500 may include other components
such as an alignment system and collimator, but 1s simplified
for a better understanding of the disclosed embodiments
herein.

The present disclosure 1s designed to work on any archi-
tecture. For example, the charged particle beam system and
method described herein may be executed on a single com-
puter, local area networks, client-server networks, wide area
networks, internets, hand-held and other portable and wire-
less devices and networks. Such architecture can take the
form of an entirely hardware embodiment, an entirely sofit-
ware embodiment, or an embodiment containing both hard-
ware and soltware elements. Hardware generally includes at
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least processor-capable platforms, such as client-machines
(also known as personal computers or servers), and hand-held
processing devices (such as smart phones, personal digital
assistants (PDAs), or personal computing devices (PCDs), for
example. Hardware can include any physical device that 1s
capable of storing machine-readable instructions, such as
memory or other data storage devices. Other forms of hard-
ware include hardware sub-systems, including transier
devices such as modems, modem cards, ports, and port cards,
for example. Software generally includes any machine code
stored 1n any memory medium, such as RAM or ROM, and
machine code stored on other devices (such as floppy disks,

flash memory, or a CDROM, for example). Software can
include source or object code, for example. In addition, sofit-
ware encompasses any set of instructions capable of being
executed 1n a client machine or server.

The present disclosure provides for many different
embodiments. In an example, a method 1ncludes recerving a
design layout having a data representation of a first data size,
wherein the design layout includes a plurality of pattern por-
tions; reducing the data representation from the first data size
to a second data size, the second data size being less than the
first data size; and using the data representation of the second
data size and the lookup table to write the design layout on an
energy sensitive layer. Reducing the data representation from
the first data si1ze to the second data size includes including the
plurality of pattern portions in the data representation of the
second size, wherein any pattern portion that 1s repeated 1n the
design layout is included once in the data representation of the
second data size; and creating a lookup table that maps each
of the included plurality of pattern portions to at least one
location within the design layout. Using the data representa-
tion of the second data size and the lookup table to write the
design layout on the energy sensitive layer may include using
the lookup table to write the included plurality of pattern
portions 1n appropriate locations on the energy sensitive layer.
Using the data representation of the second data size and the
lookup table to write the design layout on the energy sensitive
layer may include exposing the energy sensitive layer to a
charged particle beam, such as an electron bean, which may
include multiple electron beams. The method may further
include transierring the data representation of the second data
s1ze from an electron beam data processing module to an
clectron beam exposure module, wherein the electron beam
exposure module writes the design layout on the energy sen-
sitive layer using the data representation of the second data
s1ze and the lookup table. The method may further include
performing a proximity correction process on the data repre-
sentation of the first data size, and/or dithering the data rep-
resentation of the second data size. The method may further
include storing the data representation of the second data size
1n a memory.

In another example, a method 1includes dividing a design
layout into a plurality of units; creating a lookup table that
maps each of the plurality of units to 1ts position within the
design layout and a data set, wherein the lookup table asso-
ciates any repeating units 1n the plurality of units to a same
data set; and exposing an energy sensitive layer to a charged
particle beam based on the lookup table. Exposing the energy
sensitive layer to the charged particle beam based on the
lookup table may include using the lookup table to write the
design layout on the energy sensitive layer. The method may
turther include, before exposing the energy sensitive layer,
transierring the lookup table and a data representation of the
design layout having a reduced data size from a charged
particle beam data processing module to a charged particle
beam exposure module.

Dividing the design layout into a plurality of units may
include partitioning an integrated circuit design layout by die,
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cell, function, device, or pattern. Dividing the design layout
into a plurality of units may include dividing a frame of a
design layout into a plurality of stripes and segments, such
that the frame includes a plurality of stripe-segments, each
stripe-segment being a unit and 1including an associated pat-
tern portion of the design layout. The number of stripes may
be equivalent to a number of beams of the charged particle
beam. The method may further include storing the pattern
portions associated with each stripe-segment in a memory,
wherein any repeating pattern portions are stored once. Cre-
ating the lookup table that maps each of the plurality of units
to 1ts position within the design layout and a data set may
include mapping each of the stored pattern portions with 1ts
associated stripe-segment, wherein the any repeating pattern
portions are mapped to more than one associated stripe-seg-
ment. The method may further include dithering the stored
pattern portions.

In yet another example, an electron beam apparatus
includes an electron beam exposure module and an electron
beam data processing module 1n communication with the
clectron beam exposure module. The electron beam data pro-
cessing module 1s programmed to receive a design layout
having a data representation of a first data size, wherein the
design layout includes a plurality of pattern portions and
reduce the data representation from the first data size to a
second data size, the second data size being less than the first
data size. Reducing the data size of the data representation
includes including the plurality of pattern portions in the data
representation of the second data size, wherein any pattern
portion that 1s repeated 1n the design layout 1s included once
in the data representation of the second data size; and creating
a lookup table that maps each of the included plurality of
pattern portions to at least one location within the design
layout. The electron beam exposure module may be pro-
grammed to write the design layout on an energy sensitive
layer using the data representation of the second data si1ze and
the lookup table. The electron beam data processing module
may be programmed to transier the lookup table and the data
representation of the second data size to the electron beam
exposure module.

The foregoing outlines features of several embodiments so
that those skilled 1n the art may better understand the aspects
of the present disclosure. Those skilled 1n the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modilying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled 1n the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What 1s claimed 1s:

1. A particle beam apparatus comprising:

a particle beam source operable to generate at least one
particle beam;

a beam controller operable to selectively expose portions
of a substrate to the at least one particle beam inresponse
to a write 1nstruction; and

a data processing module operable to:
receive a design layout;
generate a lookup table mapping a plurality of instances

ol a repeating pattern in the design layout to a single
representation ol the repeating pattern to thereby

reduce a data size of the design layout; and
generate the write instruction based on the lookup table.
2. The particle beam apparatus of claim 1, wherein the
lookup table correlates the representation of the repeating
pattern to a location of each instance of the plurality of

instances of the repeating pattern.
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3. The particle beam apparatus of claim 1, wherein the data
processing module 1s further operable to divide the design
layout 1nto a plurality of stripe/segment regions of a size such
that each of the plurality of stripe/segment regions 1s associ-
ated with a single beam of the at least one particle beam.

4. The particle beam apparatus of claim 3, wherein the
representation of the repeating pattern represents a region
equivalent 1n area to each of the plurality of stripe/segment
regions.

5. The particle beam apparatus of claim 1, wherein the data
processing module 1s further operable to divide the design
layout 1nto a plurality of regions corresponding to at least one
of a die, a cell, a function, a device, or a pattern.

6. The particle beam apparatus of claim 1,

wherein the data processing module 1s further operable to

perform a dithering operation on the write instruction,
and

wherein the beam controller 1s operable to selectively

expose portions of the substrate to the at least one par-
ticle beam 1n response to the dithered write mstruction.

7. The particle beam apparatus of claim 1,

wherein the data processing module 1s further operable to

perform a proximity correction operation on the write
instruction, and

wherein the beam controller 1s operable to selectively

expose portions of the substrate to the at least one par-
ticle beam in response to the write instruction having had
the proximity correction operation performed there-
upon.

8. An electron beam apparatus comprising:

an electron beam exposure module; and

an electron beam data processing module 1n communica-

tion with the electron beam exposure module, the elec-
tron beam data processing module programmed to:
receive a design layout having a data representation of a
first data size, wherein the design layout includes a
plurality of pattern portions; and
reduce the data representation from the first data size to
a second data size, the second data size being less than
the first data size, wherein the reducing includes:
including the plurality of pattern portions in the data
representation of the second data size, wherein any
pattern portion that 1s repeated 1n the design layout
1s included once in the data representation of the
second data size, and
creating a lookup table that maps each of the included
plurality of pattern portions to at least one location
within the design layout.

9. The system of claim 8, wherein the electron beam expo-
sure module 1s programmed to write the design layout on an
energy sensitive layer using the data representation of the
second data size and the lookup table.

10. The system of claim 9, wherein the electron beam data
processing module 1s programmed to transier the lookup
table and the data representation of the second data size to the
clectron beam exposure module.

11. The system of claim 9, wherein each of the plurality of
pattern portions has a size such that each of the plurality of
pattern portions 1s associated with a single electron beam of
the electron beam exposure module.

12. The system of claim 9, wherein the electron beam data
processing module 1s further operable to divide the design

layout 1nto a plurality of regions corresponding to at least one
of a die, a cell, a function, a device, or a pattern.
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13. The system of claim 9,

wherein the electron beam data processing module 1s fur-
ther operable to perform a dithering operation on the
data representation of the second size, and

wherein the electron beam exposure module 1s pro-
grammed to write the design layout on the energy sen-
sitive layer using the data representation of the second
data size having had the dithering operation performed
thereupon.

14. The system of claim 9,

wherein the electron beam data processing module 1s fur-
ther operable to perform an optical proximity correction
technique on the data representation of the second size,
and

wherein the electron beam exposure module 1s pro-
grammed to write the design layout on the energy sen-
sitive layer using the data representation of the second
data size having had the optical proximity correction
technique performed thereupon.

15. A system for patterning a substrate, the system com-

prising:
a writing module operable to receive a substrate and to
selectively expose a portion of the substrate to radiation
based on a write instruction;
a data processing module operable to:
receive a set of unit patterns;
receive a table mapping each pattern of the set of unit
patterns to at least one location within a design to be
formed on the substrate, wherein the table maps at
least one pattern of the set of unit patterns to a plural-
ity of locations within the design, and

based on the set of unit patterns and the table, generate
the write nstruction for selectively exposing the por-
tion of the substrate.

16. The system of claim 15, wherein the data processing
module 1s further operable to:

recerve the design represented as a design layout; and

reduce a data size of the design by:
identifying a repeating pattern 1n the design layout;
generating the set of unit patterns including the repeat-

ing pattern based on the design layout; and
generating the table mapping the set of unit patterns to
locations based on the design layout.

17. The system of claim 16, wherein the data processing
module 1s further operable to divide the design layout into a
plurality of regions corresponding to at least one of a die, a
cell, afunction, a device, or a pattern prior to reducing the data
s1ze of the design.

18. The system of claim 15, wherein each pattern of the set
of unit patterns has a stripe size such that the respective
pattern 1s associated with a single beam of radiation produced
by the writing module.

19. The system of claim 15,

wherein the data processing module 1s further operable to
perform a dithering operation on the write mstruction,
and

wherein the writing module 1s operable to selectively

expose the portion of the substrate to radiation based the
dithered write 1nstruction.

20. The system of claim 15,

wherein the data processing module 1s further operable to
perform a proximity correction operation on the write
instruction, and

wherein the writing module 1s operable to selectively
expose the portion of the substrate to radiation based on
the write instruction having had the proximity correction
operation performed thereupon.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

